Rationale: Patients with ventilator-dependent respiratory failure have improved outcomes at centers with greater expertise; yet, most patients are not treated in such facilities. Efforts to align care for respiratory failure and hospital capability would necessarily require interhospital transfer.
Patients with ventilator-dependent respiratory failure (VDRF) experience high rates of morbidity and mortality and account for over half of admissions to intensive care units (ICUs) (1, 2) . The incidence of VDRF has been increasing over the past decade, driven by increased patient complexity and the aging of the U.S. population (3) . Studies have shown that VDRF outcomes are improved by intensivist-directed care and receiving care at higher-volume centers with greater experience (4) (5) (6) (7) . This association likely has many causes, including differences in the adoption rate of evidence-based care (8) , provider expertise/staffing models (7, 9, 10) , and referral bias (11) . Thus, various professional organizations are actively debating a tiered system of regionalization for patients with VDRF (12, 13) that would be similar to existing systems in trauma and high-risk neonatology (14) (15) (16) .
Although interhospital transfer of patients is a core element of a regionalization system for VDRF care, little is known about the current transfer practice in this population. In one study in which researchers evaluated Medicare claims data, approximately 5% of all critically ill Medicare recipients were reportedly transferred between hospitals (17) , although the proportion of these patients who had VDRF is unknown. Further, two singlecenter studies (18, 19) in which researchers evaluated the outcomes of interhospital transfer of critically ill patients suggested that transferred patients experience higher mortality and longer stay than nontransferred patients, even after adjustment for illness severity. Although the adequacy of risk adjustment of these studies limits their generalizability, they are provocative and highlight the importance of a deeper understanding of factors associated with interhospital transfer. It is especially important to ascertain whether this practice is driven by clinical indication, patient/family, or hospital-level variables.
The lack of insight into the clinical, demographic, and hospital-level variables that influence interhospital transfer of patients with VDRF represents a critical knowledge gap, particularly as U.S. health systems move toward more integrated care. We postulated that interhospital transfer of patients with VDRF would be associated with a combination of patient and hospital variables. Thus, the aim of this exploratory study was to identify potential differences in demographic, clinical, and hospital variables between patients with VDRF who underwent interhospital transfer and those who did not to better understand the factors that influence the decision to transfer these vulnerable patients between hospitals.
Methods

Study Design and Data Source
We conducted a retrospective cohort study of all adult patients (aged >18 yr) admitted to nonfederal acute care hospitals in Florida in 2012 and 2013. We obtained administrative data from Florida's Healthcare Cost and Utilization Project (HCUP) state inpatient database (SID). We selected Florida because its SID data contain unique identifiers that allow tracking of individual patients between different acute care hospitals, thus allowing for the creation of an interhospital transfer cohort. In addition, the Florida HCUP dataset retains specific digits in the anonymous hospital identification numbers, which allows for the identification of long-term acute care (LTAC) hospitals such that transfers into these facilities could be excluded to obtain the cohort of interest.
Cohort Identification and Exclusions
All adult patients with an International Classification of Disease, Ninth Revision, Clinical Modification (ICD-9-CM), diagnosis code corresponding to acute respiratory failure (518.xx) and a procedure code corresponding to mechanical ventilation (96.70, 96.71, and 96.72) were identified as the VDRF cohort (20) . We excluded patients who were transferred either to or from facilities designated as LTAC hospitals in the HCUP dataset because this was not our population of interest. To further ensure that patients receiving care at LTAC hospitals were not included owing to hospital miscoding, patients were also excluded if they were transferred to or from hospitals with an average patient length of stay greater than 25 days because this characteristic is indicative of LTAC facilities (21, 22) . In addition, we also excluded patients in psychiatric hospitals and one large hospital system where the hospital identification number was shared by a number of smaller system hospitals.
The VDRF cohort was then partitioned into a transfer cohort and a nontransfer cohort. The transfer cohort was identified using two methods: first, all patients with VDRF with a discharge destination code of interfacility transfer to a second acute care hospital were initially included; second, all patients with VDRF discharged and then subsequently admitted to a different acute care hospital within the same calendar day were included. This strategy was used to compensate for coding errors in discharge destination. Additionally, we accessed the Florida Emergency Department Database to identify patients transferred from the emergency department to another hospital, and we found that they represented less than 3% of all transferred patients with VDRF and hence excluded them from the final analysis. All patients who were not classified into the transfer cohort were assigned into the nontransfer cohort.
Variable Development
We hypothesized that both patient-level and hospital-level variables would influence whether a patient with VDRF received interhospital transfer. Thus, we selected sets of variables a priori and examined their associations with interhospital transfer.
Patient and Clinical Variables
Patient variables included demographics such as age, sex, race, insurance, and comorbidities (Charlson comorbidity index [23] ). Clinical variables included length of stay for transferred (at initial hospital) and nontransferred patients. In addition, we wanted to determine associations between the timing of mechanical ventilation initiation and hospital transfer; hence, we constructed an early mechanical ventilation variable using the date and time of the admission combined with the date for the first procedure code corresponding to mechanical ventilation (96.7x).
We then classified any patient receiving mechanical ventilation within 0-2 days of the admission date and time as having had early mechanical ventilation (24) . In addition, diagnoses/procedures common to patients with VDRF were examined. These included a diagnosis of shock (ICD-9-CM codes 785.5x, 040.82, 276.5x), renal failure requiring dialysis (ICD-9-CM code 39.95), tracheostomy (Clinical Classifications Software for Services and Procedures variable 34), and major surgery (by a specific indicator in the SID). For the transfer cohort, these variables were assessed at the initial hospital.
Hospital-Level Variables
We hypothesized that hospital-level variables contribute to patient transfers, but informative hospital-specific variables are not available in HCUP. Thus, we used a combination of available HCUP hospital variables and variables we constructed on the basis of patient-level data associated with each hospital. These constructed variables included hospital-specific case volume(s) and inferred available critical care resources based on specific procedure codes.
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We first characterized hospitals on the basis of bed size (.300, 100-300, and ,100), profit status, and urban versus rural location using available HCUP variables; however, we believed these variables were insufficient to adequately characterize hospital expertise and capabilities. Thus, we used patient data associated with each hospital to determine hospital-specific annual case volumes of VDRF (in increments of 100 VDRF cases) (25) , annual emergency department case volume and annual overall ICU case volume. We also examined patient-level procedure codes for solid organ transplant (39.65) and/or extracorporeal membrane oxygenation not associated with cardiac surgery (55.6x) as measures of advanced critical care resources.
Using these patient-level variables, we created hospital categories ranging from high-volume, high-resource, large hospitals to lower-volume, lower-resource, small hospitals. We had initially planned to group hospitals into more discrete categories, but HCUP requires hospital confidentiality, and very few sites in Florida provided certain advanced treatments; therefore, we simplified and collapsed the hospital categories into small, medium-size forprofit, medium nonprofit, and large. Medium-size hospitals were the only hospital category separated into for-profit and nonprofit status, because we identified significant variation between the two groups in only the mediumsize hospitals and not for the other hospital categories.
Statistical and Analytic Approach
Descriptive statistics of both the transferred and nontransferred cohorts were calculated; however, hypothesis testing of bivariate statistical differences between the transferred and nontransferred groups are not displayed, because the large sample size resulted in statistically significant but clinically irrelevant differences in nearly all variables (26, 27) . Manually fitted multivariable logistic regression was used to identify the associations between patient variables and hospital category and the odds of an interhospital transfer. Models were estimated using clinical variables first, then adding patient demographic variables, and finally adding hospital categories. Significant predictors were chosen by including all predictors in the model and removing them manually, one at a time, based on a set of predictive model-building criteria referred to as purposeful selection (28) . Predictors with significance levels less than 0.25 were examined closely prior to their potential removal using acceptance guidelines of removal based on the following statistical criteria: (1) no more than 20% change in other parametric estimates after removal; (2) smaller Akaike information criterion/Bayesian information criterion, indicating a better model fit without the covariate; and (3) likelihood ratio test.
All final models were assessed for overall goodness of fit using the HosmerLemeshow goodness-of-fit statistic (29) . If covariates improved the model fit, they remained in the model, regardless of whether they met the statistical significance level of less than 0.05. To assess if variation differences caused by the nesting of patients within hospitals significantly impacted model performance, a final parsimonious multilevel generalized linear mixed model, also known as a hierarchical model, was fitted using the SAS/STAT 9.1 production GLIMMIX procedure, which allows for the clustering of patients within hospitals (30) . The same purposeful selection criteria as described above were used for the multilevel model (27) . Model performance was evaluated by c-statistics.
Referent values for nondichotomous variables in the models included white race, commercial insurance, age over 80 years, and large-hospital category. All presented odds ratios (ORs) represent adjusted odds from the multivariable model. We examined interaction terms between variables, and none were found to be significant. Data were analyzed using SAS 9.4 software (SAS Institute, Cary, NC), and we considered a two-sided a , 0.05 as the threshold for statistical significance.
Results
We examined a total of 89,943 acute care hospital records of patients with VDRF, of whom 2,580 (2.9%) had undergone an interhospital transfer. We excluded 489 transfer patients whom we were unable to find in a second receiving hospital, creating a total interhospital transfer cohort of 2,091 patients and a total sample size of 89,454 (Figure 1) The hospital categories and associated hospital variables, proportion of overall VDRF cases, and proportion of VDRF transfers are presented in Table 2 . One-half of patients presented to large hospitals; the remaining 50% presented to medium-sized and small hospitals. Regardless of hospital category, the prevalence of interhospital transfer for patients with VDRF was quite low at 2.9% overall and ranging from a maximum of 10% of VDRF cases being ORIGINAL RESEARCH transferred at small hospitals to a low of 1.6% at large hospitals. The transfer pattern of each hospital category is shown in (Table 3) . In general, patients with VDRF from medium-sized nonprofit (66.6%) and small (60.5%) hospitals were transferred to large hospitals. However, medium-sized for-profit hospitals transferred as many cases (41.6%) to other medium-sized for-profit hospitals (44.2%) as large hospitals.
Multivariable logistic regression and generalized linear mixed hierarchical models (Table 4) The final hierarchical parsimonious model closely resembled the full logistic model as well as the smaller logistic models of patient demographics, clinical characteristics, and hospital characteristics, although demographic variables such as sex and race were not associated with transfer (Table 4 ). Multivariable logistic model performance was evaluated by the c-statistic (concordance index) and ranged from a low of 0.62-0.65 (full model) to a high of 0.72 (final parsimonious model), indicating acceptable performance (29) . 
ORIGINAL RESEARCH Discussion
To our knowledge, this is the first study to use claims data to evaluate interhospital transfer among patients admitted with VDRF. We found that nearly 50% of patients are treated in small and mediumsized hospitals with lower expertise; yet, interhospital transfer is rare, despite the benefits of treatment in larger hospitals with more robust case volumes (25) .
Furthermore, we found that early mechanical ventilation was associated with reduced probability of transfer, suggesting that hospitals are potentially more likely to pursue transfer for more complex patients who developed VDRF despite the care received early in their hospital course. Last, our data suggest that the typical patient with VDRF who is transferred between hospitals is younger, commercially ensured, and requires prolonged mechanical ventilation, as evidenced by tracheostomy increasing the odds of transfer.
In addition, we observed that mediumsized nonprofit hospitals were more likely to transfer patients with VDRF, typically to larger centers, than were medium-sized forprofit hospitals. The motivations behind this difference are not known; however, one hypothesis is that for-profit hospitals are reluctant to lose revenue by transferring patients elsewhere. Further, patients with 
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commercial insurance had increased odds of transfer; thus, it is possible that receiving hospitals may preferentially accept patients on the basis of insurance status. Although these hypotheses cannot be proven with the available data, these observations raise the question whether financial bias influences the transfer patterns of patients with VDRF. Because previous literature has demonstrated worse outcomes in for-profit hospitals for a variety of conditions, including heart disease (31) and end-stage renal disease requiring dialysis (32, 33) , it is important to further study the reasons for this discrepant transfer practice to understand the degree to which hospital mission and financial factors influence clinical decision making and outcomes.
There is limited insight into how ICU patients are selected for transfer because the only study in which researchers evaluated key stakeholder perceptions demonstrated poor consensus between patients, transferring physicians, and receiving physicians (34) . We observed in our present study that older patients were less likely to be transferred. This finding is congruent with previous studies (35, 36) showing that older, critically ill patients are treated less aggressively than their younger counterparts.
Commercially insured patients in our study had higher odds of transfer than patients with government payer insurance (Medicare or Medicaid), which is consistent with prior results demonstrating that well-reimbursed coverage was associated with interhospital transfer (37) . It is notable that other studies have shown that Medicaid patients presenting to the emergency department are more likely to be transferred; however, this relationship may be influenced by the Emergency Medical Treatment and Labor Act, which mandates that acute care hospitals accept patients in transfer from emergency departments when a request has been issued for a higher level of care (38) .
Our findings suggest that patients who develop VDRF later in their hospital course, despite receiving inpatient care, are more likely to be transferred than those who develop it early. This may be because hospitals are more inclined to pursue transfer for patients who are deemed medically complex or as not responding to therapy.
Similarly, patients who undergo tracheostomy may also represent a more complex and resource-intense population, which may explain the observed relationship between this procedure and patient transfer. This hypothesis is supported by the work of Unroe and colleagues (39) , who demonstrated that chronically ill, resourceintense patients are more likely to undergo interfacility transfer multiple times and subsequently experience poor outcomes. Future prospective studies examining the relationship between medical complexity and patient transfer may offer further insight into these findings.
Limitations
Using billing codes to identify patients, procedures, and diagnoses may misclassify patients because they are not always correctly coded. Also, these data lack insight into the motivations and decision-making processes of the individuals involved in the interhospital transfer. We can merely speculate regarding factors such as family requests, availability of consultants or procedures, and ICU structure; however, it is likely that these and other factors influence transfer practices (34).
Because we used claims-based data, we were unable to adjust for illness severity other than comorbidities. This inability, combined with the evident bias between transferred and nontransferred groups, limits our ability to compare clinical outcomes. Also, as HCUP datasets are state specific, these results may not be generalizable. The retrospective nature of the study prohibited us from establishing causality. Geographic differences in interhospital transfer practices may limit generalization of our results to other states and regions of the United States.
Conclusions
To our knowledge, this is the first study which identifies patient and hospital factors that influence interhospital transfer of patients with VDRF. We found that one-half of patients in Florida with VDRF were treated in small and medium-sized hospitals and that interhospital transfer was very rare. Those patients who were transferred were more likely to be younger, commercially insured, resource intensive, and medically complex. In addition, medium-sized forprofit and medium-sized nonprofit hospitals had very different odds of transfer despite otherwise similar hospital characteristics, raising the question whether profit status affects clinical decision making. Future efforts should be made to evaluate the clinical outcomes associated with VDRF transfers, to seek knowledge regarding patient groups most likely to benefit from transfer, and to test for geographic variation in interhospital VDRF transfer practices. n
